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CDF:

* International Collaboration

het

- Fermilab is the largest single group

Fermilab Group Fermilab Group Fermilab Group
Composition by Division by Primary Responsibility
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Getting to Physics #

S. Lammel’s talk this talk

Detect Trigger & Event Data Reduction Physics
Collisions Record data Reconstruction “N-tuples” Analysis Result

Detector Operations

Data processing/handling

Analysis

Fermilab resources and leadership at all stages
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Accel./ Detector Performance #

- Challenge : maintain Year2002 2003 2004 2005 2006 2007
Monthl 4 7 101 4 7101 4 7 147101 71014

detector performance _~0r ]
in high luminosity 3

environment 23000
- Opportunity: extract Ezsuu—
compelling physics IR
from the rapidly 320007
increasing data "E1500}
samples =
: 1000 -

- >250 fb! data in hand h _

500 Delivered -

I To tape

01000 2000 3000 4000 5000

Store Number
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Physics Metrics #

« Number of Publications

— Last year: 93 analyses, 45 papers submitted,
28 published

— 24 (25%) analyses with FNAL contributions
- Conference Proceedings
— Summer Conference Results:
- 49 analyses, 267 primary authors, 31 FNAL
- Tenure Track/Permanent positions

— Last year: 2 left (2 national lab)
— Last 3 years: 12 left (9 faculty + national lab)
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New Physics Results (2007) #

. -1
- Broad physics - CDF ll Preliminary 1.1 - 2.2 fb
|| Types of CDF measurements
prog ram 18/ ] Observations
| I Evidences
¢ 18/51 (370/0) 16/ NN Masses
analyses with | e
| I Searches

contributions from

FNAL group o
- Many analyses use
2 fb! datasets ok
e
1l
00 | 2 | 4 | | 8 I1[] I1

6

2
Ref: Fermilab Today 16 Aug, 2007
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CDF Analyses

T
L. 2

B Physics Lum. (fb-1) Higgs Phyiscs Lum(fb-1)
Observation of Bc->1/y &, Precise Mass measurement 2.2 Search for H-> W+W- Events 1.9
Observation of the E_b 1.9 Search for WH -> |v bb Events 1.7
Measurement of AT_s/I"_s, ¢_s using Bs->1/y ¢ 1.9 Search for ZH -> vv bb Events 1.7
Search for FCNC Bs(d)->u+u- Decays 1.9 Search for hbb in Events with at least 3 B-tags 1
Orbitally Excited B mesons (B**) 1.7 Updated CDF SM Higgs Combination 1
Observation of Bs -> Ds K 1.2 Updated CDF+DO0 SM Higgs Combination 1
Evidence for DO-DObar Mixing 1 QCD Physics

Electroweak Physics Inclusive Z+Jets Cross Section 1.7
Measurement of the WZ Production Cross Section 1.9 Measurement of the Inclusive Z+bjet Cross Section 1.5
Anomalous Coupling Limits from WZ events 1.9 Inclusive Jet Cross Section using MidPoint Algorithm 1
Evidence for ZZ Production 1.5 Measurement of b-bbar Differential Cross Sections 0.26
Measurement of do(Z/y* -> e+e-)/dy 1.1

Measurement of the W-Charge Asymmetry 1

Direct Measurement of the Z-Boson Invisible Width 1

Exotic Physics

Search for Anomalous Production of yy 2

Search for Direct Production of Squarks and Gluinos 1.4

Search for Heavy Quarks in Dileptons+X 1.2

Global Search for New Physics at High-pT 1

Search for Large Extra Dimensions using MET+1 Jet 1

Search for high mass resonance decaying to e+e- 1
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CDF Analyses

T
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Top Physics Lum (fb-1) Top Physics Lum (fb-1)
Evidence for Single-Top Production using ME 1.5 ttbar Cross Section using lepton plus jets events with a Btag 1.1
Discriminant ttbar Cross Section using ee, uu, eu Dilepton events 1.2
gtiasacrrci:“frc])arnstingle-Top Production using Likelihood 1.5 ttbar Cross Section using e/u plus track events 1.1
Mt in Lepton plus Jets events using KDE 1.7 ttbar Cross Section using e/u plus track plus Btag events 1.1
Mt in Dilepton events using ME 1.9 Fraction of gg-> ttbar events using low pT tracks 1
Mt in Dilepton events using KDE 1.9 Fraction of gg-> ttbar events using NN Discriminant 1
Mt using lepton-pT 1.9 Search for the FCNC Decays t -> Zq 1.1
First Measurement of W+c Cross Section 1.8 Search for W' -> tb Events 1
W-Helicity Fractions in ttbar decays using an 1.7
Unfolding Method
W-Helicity Fractions in ttbar decays using a 1.7
Template Method
Arg in ttbar events 1.7
Top Quark Charge 1.5
top-quark Width and Lifetime 1
Mt in Dilepton events using Templates & ttbar Pz 1.2
& X-Section Constraint
E’It in Dilepton events using Templates and ttbar 1.2

Z
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CDF Analysis Selected Topics #

Summary of recent analyses
by FNAL personnel
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: T
Precise B_.* Mass Measurement =f

- Last expected ground state W. Wester, S. Tkaczyk, P.Lukens
meson to be observed Bl — J/pwt
i i — ppu
- Trigger improvements e COF2 Preliminary
- SRS T
aided measurement | N(Boj=810+124 binned fit
2000 | ' | | ' [EDF gl Pmlimina.r}r . i gﬂi?;];gﬁ?ﬂ?iﬁzﬂ C.L=234%
Num(Bul: 187004150 | il '
| Mass: 5278.9 £ 0.1 MeVic®
a: 128201 B+ N J/¢ K+
L _+_ —
. 1500} g A %
= s >
% 1000 - g
500]- -
615 6os G5 645
Mass(J/iyn) GeV/c®

>0 >20 o >0 %0 6274 £ 3.2(stat) &+ 2.6(syst) MeV /c?

M(Jhy KE) (GeVic?)
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Technology Development #

Tracking hyperons in the CDF silicon detector

Event Display of generated Hyperons Tracked in Silicon

| . L
%:  SVX s

=y = =i ==ttt =T = A, A= pmy

P. Lukens, D. Litvintsev
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=, Observation #

| CDF Run Il Preliminary |
I e

L~1.9fb™
L

- Baryon containing
3 quark generations

yield=17.5+4.3 E
M=(5,792.9+2.5)MeV/c”

wal luiuatss 1 (15 MeV."c2)

o - 3] [9%] b 5] (=2} ~l co
TTT T TT

ST

5.4 5.6 5.8 6.0 6.2 6.4
M(J/YE) [GeVic?]
| | I
=, Mass
2 Theory
/ ‘ prediction
DO °
PRL99,052001 [ Jenkins

PRD54,4515

Karliner et al
hep-ph/0706.2163

CDF %

@P. Lukens, D. Litvintsev PRL 99 052002 (2007)
o 5.74 5.76 5.78 5.80 5.82 5.84
@ D. Litvintsev, R.J. Tesarek (2006) m(=:) [GeVic?]
“b
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B B® —ptu”

FCNC, enhanced by
non- standard model
physics

S.M predicts:

2
MLlLl | GeVic

Worlds best limits

BR( B, — up ) < 5.8x108 @95% CL
BR( B® — py ) < 1.8x10-% @95% CL

C-J Lin, D. Glenzinski, et al.
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B.—uu Prospects

T
L. 2

95% CL Limits on B(Bs — uu)

9/07/07

mSUGRA at tanf8=150
Arnowitt, Dutta, et al., PLB 538 (2002) 121

100 : 1000 ‘YTII‘IIIII?TIT'IIYTiIll11‘Tr1rriliillrr1||17
OCDF ADO| : g '=.fb_1 AS0, 10
1998 | - : tanp=50 ]
° 800 [ .\ ]
: 10 )} 2004 s S L a <l 1x107""
l Rreees s, O 4
5 & 2005 —  Fs L
= 02005 > e i 7
S Al S 600 K2P'E St i :
- 1 — — & : ¥ KN F 7
LL Fto007| = EANG S /
=2 — o & BRI b : ]
£ i T 3 e ; é
L % :
g ﬁ - B 7
© 01 |New ]PITysws i 400 - ‘A\\awe -
1) < 7 RS 8
h 4 REE o ;
Eesnanassjensnnsngapanpnnjnsny B et 'I. 1“7 7
Standard Model Expectation || i . ’
nor L LU LT 11 200 Eb Mo b s
1 10 100 1000 200 400 600 800 1000
x10"? pp Collisions m, ,[GeV]
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B, Mixing

K. Anikeev, T. Miao, et al.,

- - -1
- 3s evidence to 5s o Zp L
. . g - - datat1c 4 95%CLIlimit  17.2ps”
observatlon Wlth %_1.5 3 1.645 6 O sensitivity + 1.3 ps /\
E {F Mdatasi16450 I 1AM A
same data < E datas1.645 0 (stat. only) ! '* |\/ Vo
1¥/mind
0 ;QN«MW! ey | st L i v i
05F H’M H
* Neural net signal 1 |
selection 1.5
increases 205 0 15 20 25 30 3
signal/background Am, [ps’]
- Additional decay
modes added Ams = 17.77 + 0.10(stat) £+ 0.07(sys)
e = 0.2060 + 0.0007(exp) Tg goes (th)
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Large Extra Dimensions (LED)

T
L. 2

- Compactified
LED produce
gravitons

qq — 9G
qg9 — qG
g9 — gG

- Signature:
jet+Missing E;

—
o
w

Events / 10 GeV

Event Topology jet

G

-——— - ___

K Burkett, E. James

—
(=]
Ll L

—e— Data

= SM Prediction

——— SM+LED (n=2,Mp=1TeV)

CDF Il Preliminary (1.0 fb'1)

URETIN

100 150

150 200 250 300 350 400
Missing E; (GeV)
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Large Extra Dimensions Limit #

o S B coFii(1.11)
- : = 2DO (Runl)
> 14 : * "+ | EP Combined
< ' CDF Il Preliminary
E 12 lecaeenuns
E
g
3
-
o 0.8
=
0.6

3 4 5
Number of Extra Dimensions
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Jet Cross Sections

PP/pp cross sections

T
L. 2

~105-

- Large cross section € on ) " pb|pp
process depends on 0® "
parton density 12
functions (PDF) o1

- Background to: 10°.

10%

Q
=3

| ojet(Ej;' > Vs/20)
107

QQ
N=

6 .

10 © Oy (B> 100GeY)
10 5:;
104
103

: o
10 2, ojet(E’T > Vs/d)

=

w \s\\\ \\LHC \

10 - Opjgy, (M,=150GeV)
1 -

1 O
C. Group, F. Chlebana, etal.,, 10 't e

7

(M,=500GeV) |

10° 15 (Gev)
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het

Jet cross sections

- - - — 1
CDF Run Il Preliminary I L=1.13 M
E E-
o 3
2 I¥|<0.1 central 0.1<|Y]<0.7
E 25
- 2
E 1.5 I
a 1 - | |
e S - —t— |

0.5
I e A
E ’ 0.7<[Y|<1.1 1.1<|Y|<1.6
= 25
8 2
m
o 15

1 . 1 +
b N R S i "lfnw.*

05
= ¥ 100 200 300 400 500 Jﬂé]r[: 00
o 3 P GaVic
z 3 & 1.6<[¥|<z.1 forward ik ;
£ 2 . Data (parton level) / NLO pQCD
© 2 FDF Uncertainty on pQCD
a 15 | Systematic uncertainty

u 1 -hl.l.ﬂ.u_“___._q: |

= Midpoint: R=0.7, f,,.,=0.75

0 100 200 300 400 500 600 700
PI (GeVic)  NLO: NLOJET++, CTEQ 6.1M, u=P="/2, R,_=13

Data used to improve Parton Density Functions (PDF)
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Single Top Production

T
L. 2

« Cross Section

Measurement
 Measurement of |th| CDF Run Il Preliminary, L=1.51 fo”"
B single top
{ — channel 250 H_ F. Canelli, et al. .2-:;::
.."E mistags
1.2
EJ 200 Osingle t — 3-0—1—1_1 pbal“n it i
(NN
- L 150 “ ]
b I;L"!) % i § 3 1 GZ
¢ c 100 g 12
m J 10 ] ['E*
@) 138
4 v channe % t 50 | T s ocmer. | o
¢ AL C | | I i g
W e sion -
g U- k k !
0 0.2 0.4 0.6 0.8 1

Event Probability Discriminant
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Single Top Cross Section #

- Direct IV, | measurement

|Vip| = 1.02 4+ 0.18(exp.) 0. O7(th )
CDF Run Il Prellmmary, L=1.51fb'

vvvvvvvvvvvvvvvvvv

IV, | >0.55 (95% C.L.)

-logiLikelihood)

[ [
Single top Cross Section [pb]

— +1.2 i
GSingIe top 3.0 -1.1 pb ]

Posterior Probability Density

Posterior Probability Density

0 5 10 0 02 04 06 08 1
Single top Cross Section [pb] IthI2
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- Study t,b,W vertex ,

W Polarization in t Decays

T
L. 2

W rest frame

t — blv

- f,,f, measure

components of W
polarization

| CDF Run Il Preliminary |

| Entries

307 )

events/0.2
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[ CDFE Il preliminary, 1.7 fb" |

(|}
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— fit result

= = S expectation

—
-

® data 1.7

-
-
",

A. Hocker, R. Eusebi, D. Glenzinski, et al.
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Top Quark Mass #

(2]
o

G. Velev, et al., 1.7 fb!
- o
 Top mass in t->W b decays 3 %0 g 218 ovents
- Lepton+ jets: decay mode = « [Joar
with highest mass 2 [Asignai+skgd
&

o]
L2 Bkgd only

precision (only 1 missing
neutrino)

N
o

CDF Run Il Preliminary (1.7 fb'1)

—
o

e,

R /////"/‘//7////”_._,,. —
‘?00 200 250 300 350
M2 (GeVic)
o 22
> 20 2-tag: 89 events
o 180 [ ]Data
= 16 -
2 145_ SignaI+Bkgd
&€ 14f
3 :gi >3] Bkgd only
/ lepton 8c
: 6C
4:_ ‘ CDF Run Il Preliminary (1.7 fb'1)
Mass, Jet energy scale templates of // _
2 ? " pee] .01010..0252"‘.3:0!1:o:ozt;o;-i-,%/[/ﬁ',/Aa’lav'm--.._ I
171.6 & 2.1(stat) &= 1.1(syst) GeV/c 0 Bo e e 2 Gevich
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Top Quark Mass

T
L. 2

- Advanced fitting
techniques leads to worlds
best measurement
(lepton+jets)

- Constrained kinematics
and ttbar cross section
leads to worlds best M, in
dilepton channel

F. Caneli, et al,,

A. Beretvas, et al., June 2007: 1.7 fb™’
170.755(stat) £ 2.6(syst) & 2.4(theory)

March 2007

Mass of the Top Quark from CDF (*Preliminary)
@

Dilepton

(Run I) 167.4+10.3+ 4.9

—_—

176.1+ 5.1+ 5.3
@

186.0+10.0+ 5.7

Lepton+Jets
(Run i)

All-Jets
(Run i)

Dilepton: Matrix Element

(1030 pb”) 164.5+ 3.9+ 3.9

‘Lepton+Jets: L, 15.7
(695 pb) 183.9+ 35 £5.6

. ) ® Best single measurer
Lepton+Jets: Matrix Element

(940 pb") 1709+ 1.6+ 2.0
t
‘All-Jets: MI22 +W— jj
(943 pb") 1711+ 2.8+ 3.2

. ®
CDF March '07

(1030 pb”) 170.5+1.3+1.8

(stat.) = (syst.)
x?/dof = 5.5/6 (51%)

nent

I | | |

150 160 170 180 190 200
M, (GeV/c?)
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Top, W Mass Prospects

T
L. 2

CDF Top Mass Uncertainty
(l+land l+] channels combinad)

H

T T T T

B DPRun1afe)

IIII T T Illllll T T LN B B B I |

Single Experiment Sensitivity

-

250 —
10 1 C Z
L3 1 4 4 4 -1 S B -
g 1 1’ 2" 4fb” 8fb E 00— -
[ Voo T E CDF Run 1a (e+y) -
o I -
2 - -
E E 150_— =
=] ¥ CDF Results ¥ Mgy s | -
:-:__-;:. 1 1 e T s 10l D@ Run1 (e) -
= : 4 Runllagoal (TOR 1996) 2 E COF Run 1 (e+p) E
{—— Scale afstat) /L, Fix a(syst) ok -
] (assumes no improvements) - __
""""" Scale Aftotal) / VL T 10 MeV syst limi CDF Run 2a (ety) z
(improvements required) ol | T | bt | TR
T —————rr - — 10 10° 10’ 10*
1 GE 1 03 1 D"" Integrated Luminosity (/pb)
Integrated Luminosity (pb™)
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Toward Higgs:

 Precise electroweak

measurements 80.70

narrow search
window for Higgs 80.60

* Current analysis s
efforts lead S F
naturally to Higgs = sl

search

80.3

80.20
| Heilnemeyer, Hollik, lStockinger. Webrr. Weiglein "07 7]
160 165 170 175 180
m, [GeV]

1 ] I I I I I I I 1 1 I I I I I
__ experimental errors 68% CL:

LEP2/Tevatron (today)
LEP2/Tevatron (8 fb ™)
 8fb":6m, = 1.2 GeV, 8M,, = 20 MeV

SME
MSSME
both models E

185
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T
Summary =Y

- Recording large data sets with improved
detector and high luminosity

- Fermilab group very productive

- Exciting time for physics
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